Nonnative listeners find it more difficult to meet the challenges presented by additional background noise than do native listeners (Ezzatian, Avivi and Schneider, Speech Comm, 52, 919-929, 2010) but it is not known whether it is more difficult for them to remember what was said in noisy situations than for native listeners. Previous studies have acknowledged that the effect of background noise on the ability to perceive and remember unrelated words is greater in older adults than younger adults. The present study investigates auditory memory performance in nonnative younger adults, using a paired-associate paradigm in three conditions: quiet, continuous babble and babble during word presentation only. Noise levels were adjusted to equate for individual differences in the ability to identify single words in noise. The initial results suggest that nonnative listeners perform similarly to native young adults in the quiet and continuous conditions but worse in the babble during the wordpresentation-only condition. These results suggest that stream segregation may be slower in nonnative listeners when the masker and the target words start at the same time.
INTRODUCTION
Anyone attempting to memorize heard material in a noisy auditory environment is faced with a number of perceptual and cognitive challenges that can negatively affect her or his ability to recall heard information (Rabbitt, 1968; Pichora-Fuller et al., 1995; Murphy et al., 2000; Heinrich et al., 2008; Sarampalis et al., 2009; Heinrich & Schneider, 2010) . The ability to successfully meet the perceptual challenges will depend on the acoustic complexity of the auditory scene. When words are spoken in a noisy background, the energy of the noise and the energy of the speech sounds may activate the same regions of the basilar membrane in the inner ear, resulting in energetic masking (see Brungart, 2001 , for a review). In addition, in cases where the background sounds are meaningful, the processing of the irrelevant information could interfere with the processing of target speech causing informational masking. Hence the degree to which the target words can be extracted from the acoustic background (stream segregation, Bregman, 1990 ) depends on the nature of the masking stimulus.
The successful extraction of the target words from the background has been found to not only be dependent upon characteristics of the acoustic scene, but also on the characteristics of the listener as well. Stream segregation can be effortful and attention demanding (Sarampalis et al., 2009) , especially for older adults (e.g. Rabbitt, 1968 Rabbitt, , 1991 Murphy et al., 2000; Heinrich et al., 2008; Heinrich & Schneider, 2010) and nonnative listeners (e.g. Mayo et al., 1997; Golestani, Rosen & Scott, 2009 ). In addition, when attempting to segregate the auditory streams, the onset and offset of the noise may cause additional difficulties. It has been shown that stream segregation requires some time to build up (Carlyon et al., 2001) . When the babble is presented prior to the word, the babble-word onset delay allows the listener to build up an auditory object of the babble before the onset of the word. Ben-David, Tse and Schneider (2012) found that while the thresholds for word recognition in younger decreased exponentially as a function of the babble-word-onset delay, the thresholds for older adults did change over the range of delays tested (0.1-1.1s). These results imply that age-related differences in the timeline for stream segregation may contribute to the difficulties older adults experience when listening in a background of babble.
According to the "limited resources theory" (Kahneman, 1973; Craik, 2002) it is reasonable to assume that the perceptual task of extracting the words from the background requires more intensive deployment of attentional resources and more effort on the part of nonnative younger adults and native older adults than it does for younger adults, leaving nonnative younger adults and older adults with fewer resources available to encode and rehearse the information heard (Craik, 1996; Heinrich et al., 2008 Heinrich et al., , 2010 . If nonnatives and older adults are required to invest greater attentional resources in order to extract distorted acoustic signals, lexical access may be slower for them relative to younger adults, which, in turn, might lead to less efficient storage of information in memory. In such a scenario, adjusting the Signal to Noise Ratio (SNR) individually in order to equate the intelligibility of words presented in babble will not necessarily lead to similar word recall percentages across age and linguistic status in all listening situations. Indeed, Heinrich and Schneider (2010) found that age differences in memory were modulated by the nature of the masking stimulus, being more severe when the masker was gated on and off with the words for older adults than when it was on continuously, but with the opposite being true for younger adults. Heinrich and Schneider (2010) argued that the greater difficulty that older adults experienced may have been due to the fact that older adults find it more difficult than younger adults to segregate the words from the background babble, especially when the onset of the babble is coincident with the word pairs. This difficulty may limit their ability to store the heard words in memory. Younger adults, on the other hand, are not as adversely affected by simultaneous onset of the word pairs to be recalled and the masking babble, and can take full advantage in the presence of quiet intervals in between words which could be used for further encoding without disturbance. In light of these findings, we thought it would be worthwhile to investigate whether young nonnative listeners would find the word-only babble condition to be more difficult than the continuous babble as the native older adults did, or whether they will find the simultaneous onsets manageable as the native younger adults did.
METHOD
Currently, 45 nonnative younger adults (aged 18 -25) who have not been exposed intensively to English before the age of 6 have completed the study. The results of this study are compared with those of native younger and older adults from Murphy et al. (2000) and Schneider (2008, 2010) . All participants are required to have normal hearing (<25dB; 250-8000Hz), to complete health and language history questionnaires, answer a Mill Hill vocabulary test and a Nelson-Denny reading comprehension test. Babble thresholds and Speech Perception In Noise (SPIN) thresholds were determined in order to individually adjust the signal-to-noise ratio to produce approximately 90% intelligibility of words presented in 12-talker babble noise taken from the Revised Speech Perception in Noise (R-SPIN) test (Bilger et al., 1984) . Memory performance was measured using the Madigan and McCabe (1971) paradigm. Participants were required to listen to five word pairs and, given the first word from one of the five pairs, to recall the second word of that pair. Words with no obvious associations were randomly paired and arranged into 40 lists of five word pairs. Each list started with a beep as a warning tone to indicate the start of the word pair presentation. Four seconds later, the first word pair was presented with a 100ms gap of silence between the words. The five word pairs were presented four seconds apart. Four seconds after the end of the fifth word pair, a second warning tone was presented to indicate the end of the word pair presentation and the start of the recall phase. A first word from one of the five word pairs was presented after the second warning tone.
There were three types of noise conditions in this experiment: 1) quiet, 2) continuous babble and 3) babble during word-presentation-only. In the continuous babble condition, the babble background started 100ms before the start of the first word pair and ended after the end of the 4s interval of the fifth word pair. In the babble during wordpresentation-only condition, the babble noise is only presented simultaneously when the word pairs are presented. In the quiet condition, no noise is presented. Each participant was assigned to participate in one of the three conditions.
RESULTS AND DISCUSSION
The initial results of the current study were compared to the results of native younger and older adults found in Heinrich et al. (2008) and in Heinrich and Schneider (2010) .
Nonnative younger adults performed just as well as the native younger adults when asked to recall word-pairs in quiet.When comparing the performance in each of the two babble conditions within each of the three groups, an interesting difference is revealed. While native younger adults experience the word-only babble condition as easier than the continuous babble condition (as can be seen in Figure 1 on the left), non-native younger adults experience the difficulty of the two conditions in reversed order (see Figure 1 , middle). Hence, as for older adults, word-only babble appears to deleterious to performance in non-native younger adults (see Figure 1, right) . A comparison of these three panels also shows that the difficulty experienced by non-natives in word-only babble lies in between that experienced by younger and older native adults. Figure 1 also suggests that the shape of the function relating words recalled to serial position, is the same in all three age groups for the word-only babble, consisting of a relatively flat portion over the first three positions, followed by increasingly better performance in positions four and five. However, the function relating words recalled to serial position in the continuous babble condition appears to increase monotonically with serial position for all three groups. FIGURE 1. Average percent of correct recall word pairs for word-only presented babble (empty squares) and continuous babble (empty diamonds) in native younger adults (left), nonnative younger adults (middle) and native older adults (right). Standard errors are shown.
